The data underlying this study have been uploaded to the Open Science Framework and are accessible using the following DOI: [10.17605/OSF.IO/DUX4Z](https://doi.org/10.17605/OSF.IO/DUX4Z).

Introduction {#sec005}
============

The seasonal epidemic influenza remains a major public health issue with 3--5 million severe cases, resulting in up to 650 000 deaths annually \[[@pone.0193029.ref001]\]. Every winter the seasonal flu affects 2 to 8 million people in France, causing several thousand deaths mainly elderly people or patients with chronic diseases, both of which are currently accepted indications for influenza vaccination \[[@pone.0193029.ref002]\]. Current recommendations insist on the importance of vaccination, which is currently considered as the most effective way to prevent the disease \[[@pone.0193029.ref001]--[@pone.0193029.ref004]\]. Worldwide influenza vaccination coverage ranges from 10% to 80% for the populations at risk of severe forms \[[@pone.0193029.ref005]--[@pone.0193029.ref007]\]. The reasons behind these variations are insufficiently identified \[[@pone.0193029.ref007],[@pone.0193029.ref008]\]. Studies have indicated that among the possible explanations are certain healthcare attitudes and behaviors, health information provided by health care workers, especially general practitioners, patients' underlying clinical conditions, individual perceptions regarding the harms and benefits of vaccination and, even, household contacts attitudes \[[@pone.0193029.ref009]--[@pone.0193029.ref013]\]. Patient's hesitancy is probably an important factor \[[@pone.0193029.ref014]\] but it is highly different from one country or region to another. Furthermore, it has been reported that missed opportunities to vaccinate are frequently associated with low vaccination rates \[[@pone.0193029.ref015],[@pone.0193029.ref016]\].

To our knowledge, the factors associated with influenza vaccination coverage in the population at risk of severe flu have not been described in France, apart from some studies in health care workers \[[@pone.0193029.ref017],[@pone.0193029.ref018]\]. We hypothesized that patient's behaviors and missed opportunities (MO) may be associated with influenza vaccine uptake. To our knowledge there presently exists no data evaluating influenza vaccination coverage and patient behaviors and missed opportunities in an emergency department setting.

Objectives {#sec006}
==========

The objectives of this study were to estimate the influenza vaccine uptake during the 2016--2017 seasonal epidemic period of high-risk patients for severe influenza among emergency department admissions, to describe patient behaviors and missed opportunities distribution among them, and to identify predictors of seasonal influenza vaccine uptake.

Methods {#sec007}
=======

Type and study period {#sec008}
---------------------

In France, the influenza vaccination period began on October 6, 2016, when the vaccine was available, and the influenza vaccination was authorized until January 31, 2017. This study began on December 5, 2017 and lasted 8 weeks until January 31, 2017, deadline for influenza vaccination in France \[[@pone.0193029.ref019]\]. The French National Institute of Health Surveillance announced the start of the influenza outbreak period on December 12, 2016. Therefore, our study started when we have considered that the influenza vaccine uptake had reached its plateau or that subsequent increase would have been very low \[[@pone.0193029.ref006]\].

Setting {#sec009}
-------

Bichat hospital is in Paris area. It serves northern districts of Paris and its nearest suburb, with a population of more than 350,000 inhabitants. The population is characterized by a low income and poor primary care availability \[[@pone.0193029.ref020]\], a higher rate of immigrant population and unemployment than the region averages \[[@pone.0193029.ref021],[@pone.0193029.ref022]\]. Bichat emergency department treats more than 80,000 patients per year.

Population of the study {#sec010}
-----------------------

Participation in the study was proposed to all the adult patients aged over 18 years and with an underlying clinical condition that indicates the influenza vaccine according to WHO and French authorities recommendations \[[@pone.0193029.ref004],[@pone.0193029.ref019]\], identified by the emergency team: i) individuals aged equal or more than 65 years; ii) individuals with chronic medical conditions; iii) pregnant women at any stage of pregnancy. Patients with life-threatening conditions, cognitive disorder and non-French speaking were excluded from the study.

Interventions and definitions {#sec011}
-----------------------------

A questionnaire was administered to the patients who accepted to participate in our study. The questionnaires were complemented by direct questioning of the patients by health care workers of the emergency department. This questionnaire evaluated the presence of underlying clinical conditions indicating the influenza vaccine \[[@pone.0193029.ref023]\]: age ≥65 years, asthma, bronchopulmonary dysplasia, cystic fibrosis, chronic respiratory failure, cardiac failure, cardiac valvulopathy, congenital heart disease, cardiovascular disease, renal failure, nephrotic syndrome, sickle-cell anemia, hepatic failure, diabetes, systemic corticosteroid therapy, leukemia or lymphoma, immunosuppression, cancer, HIV infection, obesity and pregnancy; history of the influenza vaccine for the current year and for the previous epidemic periods; to evaluate missed opportunities, we asked patients about the number of outpatient consultations with their general practitioner or specialist physicians and number of hospital stays, and the number of influenza vaccine proposals during these consultations or hospitalizations, during the vaccination period from October 6, 2016 to January 31, 2017; patient attitudes, concerns and behaviors about influenza vaccination.

In France, Social Security (health insurance system) systematically sends, as soon as the influenza vaccine is available, a letter to all insured persons with a clinical condition that is at increased risk of developing a severe form of influenza. This letter is sent every year to 12 million people \[[@pone.0193029.ref024]\]. The letter reminds the patient that the vaccine is recommended and allows the patient to receive the vaccine free of charge. The letter must be signed by a physician and the patient must then retrieve the vaccine from the chemist. The vaccination can be given by the general practitioner or by a nurse. To evaluate what role the voucher system plays in uptake of influenza vaccine, patients were questioned about the reception of this letter and every stage of the process until the vaccination.

Influenza vaccine uptake during the current 2016--2017 influenza epidemic period was defined as the rate of patients vaccinated between October 6, 2016 and the date of emergency department attendance. In France, influenza vaccine indications are all the clinical conditions at risk of developing severe forms of influenza \[[@pone.0193029.ref025]\].

Statistical analysis {#sec012}
--------------------

Continuous variables are presented using mean ± standard deviation (SD) and categorical variables such as absolute number and percentage of the total (%). To assess the association between vaccinated and non-vaccinated groups we used multiple logistic regression. Variables that p\<0.2 were included in the multivariate stepwise logistic regression model to determine those independently related to influenza vaccination coverage. Statistica 12® (StatSoft) software was used for data collection and analysis.

Ethics statement {#sec013}
----------------

The dataset is currently used as an ED quality measure of influenza vaccination prescription in the context of on-going emergency activity and performance evaluation. The protocol was conducted in agreement with the Helsinki declaration. This dataset was completely anonymous and did not contain any identifiable personal health information. The protocol was approved by the Emergency Department committee on ethics, research and informatics. In accordance with the instructions of the ethics committee, the patients were informed by flyer and by posters in the service. Emergency staff gave them an explanatory document. Then, agreement of the patients was obtained verbally. This information was recorded in the patient's records.

Results {#sec014}
=======

During the study period, 13,679 patients were admitted in the ED. We estimated based on the encoding and the categories of age, that 3,252 patients (23.8%) were ≥65 years old or had an underlying clinical condition at risk of severe influenza and that indicated influenza vaccine. The questionnaire was proposed to 1,411/3,252 patients (43.4%): 116 patients had exclusion criteria and 427 refused to participate. All in all, 868 patients accepted to participate and completed the questionnaire ([Fig 1](#pone.0193029.g001){ref-type="fig"}: Study flowchart).

![Study flowchart.](pone.0193029.g001){#pone.0193029.g001}

Description of the study population {#sec015}
-----------------------------------

The main characteristics of the patients and their influenza vaccination history are presented in [Table 1](#pone.0193029.t001){ref-type="table"}. Patient behaviors, concerns and attitudes concerning the vaccination are presented in [Table 2](#pone.0193029.t002){ref-type="table"}.

10.1371/journal.pone.0193029.t001

###### Main characteristics of the study population.

![](pone.0193029.t001){#pone.0193029.t001g}

                                                          n       \%
  ------------------------------------------------------- ------- ------
  Age                                                     58±36   
  Sex                                                             
  Male                                                    390     44.9
  Female                                                  478     55.1
  **Underlying clinical conditions**                              
  Age ≥ 65 years                                          666     76.4
  Diabetes                                                237     27.2
  Human Immunodeficiency virus infection                  13      1.5
  Previous history of respiratory illness                 193     22.1
  Asthma                                                  120     14
  COPD                                                    43      5
  Other                                                   18      2.1
  Previous cardiovascular history                         250     26.7
  Coronary heart disease                                  77      8.9
  Cardiac failure (or cardiac insufficiency)              45      5.2
  Serious heart rhythm disturbances                       42      4.8
  Other                                                   72      8.3
  Previous history of underlying neurological disorders   41      4.7
  Stroke                                                  18      2.1
  Myopathy, myasthenia, Charcot disease                   5       0.6
  Kidney failure, kidney diseases                         28      3.2
  Obesity                                                 35      4
  Pregnancy                                               0       0
  **History of influenza vaccination**                            
  Vaccinated every year                                   239     27.4
  Vaccinated during this seasonal epidemic flu            288     33
  Vaccinated during the past seasonal epidemic flu        343     39.2
  Vaccinated at least one time (or once)                  423     48.5

10.1371/journal.pone.0193029.t002

###### Beliefs about influenza vaccine.

![](pone.0193029.t002){#pone.0193029.t002g}

                                                                             n     \%
  -------------------------------------------------------------------------- ----- ------
  **Representations concerning the vaccination**                                   
  Are you worried about the side effects of the influenza vaccination?       118   13.6
  Have you already had some side effects after an influenza vaccination?     66    7.6
  Do you think that the influenza vaccine is contraindicated in your case?   32    4.3
  Do you think that the influenza vaccine is ineffective?                    118   13.6
  Are you generally reluctant or opposed to vaccines?                        96    11
  **Knowledge of the indication of the vaccine**                                   
  Do you know that influenza can be severe and in some cases deadly?         368   42.2
  I consider that I am not at risk of developing a severe form of flu        206   23.6
  Do you know that the influenza vaccine is indicated in your case?          344   39.4

Evaluation of the voucher sent by the health insurance system {#sec016}
-------------------------------------------------------------

In total, 386/868 (44.5%) patients declared that they had received a voucher from Social Security; 123/386 (31.9%) reported validating the voucher by their doctor; 115/123 (93.5%) reported having collected the vaccine at the chemist; 57/115 (49.6%) reported having been vaccinated. Finally, of the 288 patients that declared having been vaccinated during the current epidemic, 57 were vaccinated via this process (57/288 (19.8%)). Results are presented in [Table 3](#pone.0193029.t003){ref-type="table"}.

10.1371/journal.pone.0193029.t003

###### Evaluation of the voucher of health insurance system and missed opportunities.

![](pone.0193029.t003){#pone.0193029.t003g}

                                                                     n     \%
  ------------------------------------------------------------------ ----- ---------
  **Voucher from the social health insurance system**                      
  Declared they had received the letter from the social security     386   44.5
  Declared they had asked their GP to sign the letter and stamp it   123   31.9
  Declared they had received the vaccine at the chemist              115   29.8
  Declared they had been vaccinated                                  57    14.8
  **Consultations and hospitalizations declared by the patients**          
  Consultation with their general practitioner                       307   35.2
  Declared number of consultations                                   606   1.9±0.9
  The influenza vaccination was recommended?                         111   36.2
  Consultation with a specialist                                     192   22
  Declared number of consultations                                   398   2±1.7
  The influenza vaccination was recommended?                         19    9.9
  Out-patient hospital consultation                                  100   11.5
  The influenza vaccination was recommended?                         18    18
  Hospitalization                                                    54    6.2
  The influenza vaccination was recommended?                         4     7.4

Evaluation of missed opportunities {#sec017}
----------------------------------

In all, 1108 consultations were reported, and 484 patients (55.8%) reported having had at least one consultation. The vaccine was recommended by the doctor in 148 cases. Rates of missed opportunities were 69.4% (336/484) and 86.6% (956/1104). Although most patients had more than one consultation during this period, those who received an offer received it on only one occasion rather than at each visit. [Table 3](#pone.0193029.t003){ref-type="table"} presents the details of the answers depending on the type of consultations and hospitalizations.

Determinants of influenza vaccine uptake {#sec018}
----------------------------------------

Influenza vaccine uptake was 288/868 (33.2%). As presented in [Table 4](#pone.0193029.t004){ref-type="table"}, several variables were associated in univariate analysis with influenza vaccine uptake. On multivariate analysis, significant predictors of influenza vaccine uptake were: knowledge that the flu can be serious and even fatal \[OR 0.36 (CI95% 0.25--0.5), p = 0.000001\]; confidence in influenza vaccine effectiveness \[OR 0.38 (0.2--0.7), p = 0.001\]; opposition to vaccines in general \[OR 0.22 (0.1--0.48), p = 0.0001\]; the patient visited his general practitioner \[OR 4.53 (2.9--7.1), p = 0.000001\]; the general practitioner recommended the vaccine \[OR 2.1 (1.2--3.4), p = 0.006\].

10.1371/journal.pone.0193029.t004

###### Predictors of influenza vaccine uptake.

![](pone.0193029.t004){#pone.0193029.t004g}

                                                          unvaccinated   vaccinated               Multiple Logistic Regression               
  ------------------------------------------------------- -------------- ------------- ---------- ------------------------------ ----------- ----------
  **Underlying conditions for severe influenza**                                                                                             
  Age ≥65 years                                           423 (63.5%)    243(36.5%)    0.00009                                               
  Diabetes                                                145 (61.2%)    92 (38.8%)    0.02                                                  
  Human immunodeficiency virus infection                  9 (55.6%)      4 (44.4%)     0.7                                                   
  Respiratory diseases                                    143(74.1%)     50 (25.9%)    0.02                                                  
  Cardiovascular diseases                                 171 (68.4%)    79 (31.6%)    0.6                                                   
  Neurologic diseases                                     29 (70.7%)     12 (29.3%)    0.6                                                   
  Renal diseases                                          24 (85.7%)     4 (14.3%)     0.03                                                  
  Obesity                                                 17 (48.6%)     18 (51.4%)    0.02                                                  
  **History of influenza vaccination**                                                                                                       
  Vaccination earlier epidemic period                     208 (60.6%)    135 (39.4%)   0.001                                                 
  Vaccinated at least once                                298 (70.5%)    125 (29.6%)   0.03                                                  
  Annual vaccination                                      132 (55.2%)    107 (44.8%)   0.00001                                               
  **Patients knowledge and behaviors**                                                                                                       
  Fears about the side effects of the vaccine             51 (77.3%)     15 (22.7%)    0.06                                                  
  Knowledge of having an indication for the vaccine       253 (73.6%)    91 (26.5%)    0.0009                                                
  Knowledge that the flu can be serious and even fatal    280 (76.1%)    88 (23.9%)    0.000001   0.36                           0.25--0.5   0.000001
  Do you think that you are not at risk of severe flu     141 (68.5%)    65 (31.6%)    0.6                                                   
  Confidence in influenza vaccine effectiveness           99 (83.9%)     19 (16.1%)    0.00003    0.38                           0.2--0.7    0.001
  Fears about the side effects of the vaccine             32 (100%)      0 (0%)        0.00005                                               
  Opposition to vaccines in general                       88 (91.7%)     8 (8.3%)      0.000001   0.22                           0.1--0.48   0.0001
  **Voucher of Health insurance system**                                                                                                     
  Received the voucher of Health Insurance System         258 (66.8%)    128 (33.2%)   0.9                                                   
  The patient visited his General Practitioner            49 (39.8%)     74 (60.2%)    0.000001   4.53                           2.9--7.1    0.000001
  The patient recovered the vaccine in pharmacy           40 (34.8%)     75 (65.2%)    0.000001                                              
  **Missed opportunities**                                                                                                                   
  General practitioner seen in the past 3 months          223 (72.6%)    84 (27.4%)    0.009                                                 
  General practitioner recommended the vaccine            65 (58.6%)     46 (41.4%)    0.04       2.1                            1.2--3.4    0.006
  Consultation with his specialist in the past 3 months   255 (88.5%)    33 (11.5)     0.000001                                              
  Specialist recommended the vaccine                      10 (52.6%)     9 (47.4%)     0.2                                                   
  Hospital consultation in the past 3 months              82 (82%)       18 (18%)      0.0007                                                
  Physician recommended the vaccine                       14 (77.8%)     4 (22.2%)     0.3                                                   
  Hospitalization in the past 3 months                    54 (100%)      0 (0%)        0.000001                                              
  Physician recommended the vaccine                                                                                                          

Discussion {#sec019}
==========

Our study shows that up to 24% of the patients admitted in the emergency department during the early- and epidemic seasonal influenza period were at high risk for severe influenza, and that influenza vaccine uptake was only 33% among them. We found that the concerns expressed by the patients about vaccine side effects and inefficacy were infrequent (4.3% to 11%), and that 42% of the patients knew that influenza can be serious and even deadly. Our results indicate that 39.4% of the patients declared that they knew they had an indication for the vaccination; however 23.6% of them thought they were not at risk for a severe form of influenza. Our study highlights the fact that missed opportunities for influenza vaccination were very high, 69.4% of patients and 86.6% of consultations. Our results also indicate that influenza vaccine uptake was strongly associated with patients concerns and behaviors and the proposal of influenza vaccination by the general practitioner.

In the present study only 27.2% of the included patients declared that they had been vaccinated every year, 39.2% that they were vaccinated during the last epidemic season, and 48.2% declared that they had been vaccinated at least once in their lives. The rate of influenza vaccine uptake among patients visiting the emergency department during the 2016 influenza season was 33.2%. These figures are lower than the national rate of influenza vaccination coverage in France, which is 49% \[[@pone.0193029.ref026]\] that is very close to those reported in some western countries \[[@pone.0193029.ref005]--[@pone.0193029.ref007],[@pone.0193029.ref027],[@pone.0193029.ref028]\]. The characteristics of the catchment area population of the hospital, which are poor urban areas and low primary care availability, may explain these results \[[@pone.0193029.ref029]\].

Patient's behaviors and knowledge {#sec020}
---------------------------------

We have analyzed behaviors, concerns and attitudes of the patients regarding the influenza vaccination. And we have observed that less than 15% of patients expressed reservations about influenza vaccine effectiveness and concerns about its side effects. Similarly, only 11% of patients expressed worries on the usage of vaccination in general, while unfavorable attitudes toward pandemic influenza vaccination have been reported in France in up to 50% of patients \[[@pone.0193029.ref030]\]. Our results are quite encouraging about the seasonal influenza vaccination. Nevertheless, up to 60% of our patients underestimated the risk of severe influenza, 60% were unaware of having an indication for the influenza vaccination, and 24% underestimated their own risk for presenting a severe or deadly form of seasonal influenza. These data suggest an increased need for information on influenza vaccine indications.

Voucher effectiveness {#sec021}
---------------------

Among the missed opportunities, we have evaluated the French health insurance system process. Only 44.3% of the patients declared that they had received an Influenza vaccine voucher. Of course, under-reporting by patients is possible. But it could also be the case that not all patients aged between 15 and 64 years with a chronic underlying clinical condition were declared to the social security by their practitioner as being at risk. In the normal procedure, the patient must ask his general practitioner to sign and stamp the voucher, which means that the patient is the main actor in the activation of the procedure. Once the patient has retrieved the signed and stamped voucher, he can retrieve the vaccine in a dispensing chemist and, finally, be vaccinated by a health care worker. This clinical pathway is complex and our study shows that only 14.8% of the patients who had received the letter went through the entire procedure and were vaccinated. Among all the patients that had been vaccinated, only 19.8% of them had followed this procedure. Our study shows two critical points in this procedure. Firstly, the patient must take an appointment with the general practitioner to activate the procedure, which only 31.9% declared having done after receiving the voucher. Since two years, the process has been modified and the chemist can deliver the vaccine in the already vaccinated patients. Secondly, when we look at the actual rate of the vaccine uptake, we found that only 49.9% of the patients having retrieved the vaccine had been vaccinated. Vaccination by chemist is being tested in two regions of France. Our results confirm the need for a simplification of the vaccination process in these patients at high risk of severe forms of influenza. Our results indicate that most of the vaccinated patients (80%) were vaccinated mainly by their doctor or were able to access the vaccine because they had already been vaccinated. In both cases, vaccine is free.

Missed opportunities {#sec022}
--------------------

Our results indicate that the number and percentage of missed opportunities are very high (66.9% of patients and 86.6% of consultations), and close like those recently reported in outpatients context \[[@pone.0193029.ref027]\]. They show that even if he sees his general practitioner or a different specialist in or out of the hospital, the patient only receives one proposition for the vaccination. It is interesting to notice that the rate of proposals for the vaccination by the general practitioner was higher than that by the specialist, and that the proposal rate during a hospital stay was the lowest of all. Our results indicate the need to modify the procedures of influenza vaccination and identify the barriers to vaccination during ambulatory care and notably during hospital stay.

Our study reveals that among the studied variables, many of them were associated in univariate analysis with influenza vaccine uptake. For instance, patients over the age of 65 were more frequently vaccinated than younger patients with chronic health conditions, which corresponds to previous studies \[[@pone.0193029.ref015],[@pone.0193029.ref013],[@pone.0193029.ref027]\]. We have also found out that patients who were previously vaccinated were more often vaccinated during the current epidemic period. It has been recently reported that regular vaccination was associated with higher seasonal influenza vaccine uptake in people at risk \[[@pone.0193029.ref031]\]. Regarding the significant predictors of influenza vaccine uptake in multivariate analysis, our results are consistent with previous publications concerning the doubts on the usefulness and safety of the vaccine \[[@pone.0193029.ref028],[@pone.0193029.ref032]\], and they highlight the impact on influenza vaccine uptake of patients\' fears on the side effects and confidence on vaccine effectiveness, and their opposition to vaccines. We found, in opposition with previous studies among outpatients, health care personal and general population \[[@pone.0193029.ref028]--[@pone.0193029.ref032]\], that the knowledge of the risk of severe and even deadly forms of influenza was associated with a reduced rate of vaccination. This appears somewhat surprising, insofar as knowledge of the risks of the severe form and the perceived importance of vaccination are at the basis of most campaigns of vaccination \[[@pone.0193029.ref033]\]. However, and rather paradoxically, some campaigns may also have a negative impact on population's health attitudes and behaviors that could be linked to misleading or wrong information \[[@pone.0193029.ref034]\]. We have not explored this type of barriers, but it is likely that many different psychological, contextual, socio-demographic, personality characteristics such as risk aversion and physical barriers can help to explain these results \[[@pone.0193029.ref032],[@pone.0193029.ref035],[@pone.0193029.ref036]\]. We believe that information strategies and vaccination campaigns need to be adapted to the characteristics of the targeted population. The population of our study has particular characteristics that can explain this result and the need for specific information tools.

Study strengths and limitations {#sec023}
-------------------------------

The study was conducted in an emergency department that serves an urban area with low primary care availability and characterized by an unfavorable social and economic context. Thus, our population does not reflect the whole population. Data collection was done from a questionnaire done by an emergency department doctor or nurse. It was not obtained from medical records or electronic data. We might have over or underestimated influenza vaccine uptake. Nevertheless, there was a sufficient inclusion rate and the number of patients included in this study was important which gives validity to our calculations and results.

Conclusions {#sec024}
===========

Our study indicates that influenza vaccine uptake in the northern districts of Paris remains low. We have looked at the patient behaviors and concerns associated with the influenza vaccine uptake, and we have found that the knowledge of the risk of severe forms of the influenza is not associated with a better influenza vaccine uptake. New studies will be needed to better understand patient-specific dimensions and patient management of risk knowledge. Our study indicates that missed opportunities are very frequent and that the role of the patient and general practitioner remain essential. We have also identified key points in current vaccination strategy in France, specifically the poor coverage of people at risk and the complexity of the procedure leading to vaccination. We believe that the implementation of vaccination campaigns should be based on strategies tailored to the fears and behaviors of each patient.
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